1. Introduction {#s0005}
===============

The constant increase in esthetic demands in dentistry has led to progress in the development of several types of guidelines in order to achieve optimal aesthetic results. Advanced dental materials and techniques are introduced to maximize an attractive outcome. The morphologic features of the maxillary anterior teeth are essential not only for dental esthetics, but also for facial esthetics ([@b0030]). In the majority of people, facial appearance is a significant concern, and it plays a vital role in a person's self-image, self-esteem and quality of life ([@b0015]). Numerous factors are related to dental esthetics, such as the color, the shape of the teeth and the shape of the dental arch. These factors are influenced by individual preferences, cultural factors, and sociodemographic factors. The viewer's perception of a visual experience could be perceived attractive by one individual, while it could be entirely different for another. Therefore, several esthetic guidelines were developed to achieve optimal esthetics. Golden proportion is one of the most essential and valuable guidelines, which is a constant ratio of 1.618:1 ([@b0070]). It is widely observed in nature and is pleasing to the human eyes.

The introduction of the golden proportion in dentistry proposed approximating the apparent dimensions of maxillary anterior teeth when viewed from the front ([@b0035]). Several studies assessed the gold, golden proportion in their population. A study done in India revealed that the golden percentage was somewhat inconstant in terms of relative tooth width ([@b0020]). Another study in Malaysia compared the golden proportion of 0.618 with the perceived width ratio of lateral to central incisor and canine to lateral incisor and revealed the statistically significant difference for the width to height ratio of central incisors compared to the golden standard of 80% ([@b0005]). In Saudi Arabia, only one study compared the dimensions of the maxillary anterior teeth concerning their width and high ratio and resulted with no significant difference between the central incisors and canines amongst males and females ([@b0010]).

Due to the limited number of studies assessing the gold proportion in Saudi Arabian population, this study targeted to investigate the golden proportion further digitally and find out the differences between width and height of maxillary anterior teeth for the Saudi population in Riyadh.

2. Materials & method {#s0010}
=====================

2.1. Participants selection {#s0015}
---------------------------

The sample size for this study consisted of 61 Saudi nationals, 36 females and 25 males, from 18 to 28 years of age. This research was carried out at the dental clinics of the college of dentistry, Princess Nourah Bint Abdulrahman University. The consent and ethical clearances for the study were obtained from the institutional ethical committee PNU, and all the Participants signed the consent form in the beginning.

2.2. Inclusion criteria {#s0020}
-----------------------

Participants were clinically checked at PNU's dental clinic by the examiners and selected according to the following inclusion criteria:1.Natural anterior teeth2.No history of orthodontic treatment3.No missing maxillary teeth4.No tooth wear.5.No spacing or crowding6.Normal gingival or periodontal conditions.

2.3. Digital data collection {#s0025}
----------------------------

All Participants were photographed from a frontal view with a maximum smile using a Digital Camera (Canon 60D- Japan). Also, the impressions were taken digitally using the Cerec- Sirona intraoral camera. A digital caliper was used to calculate the actual sizes of the teeth (see [Fig. 1](#f0005){ref-type="fig"}). While recording data each tooth was coded with a numeric symbol (w = width, h = height). FDI tooth numbering system was used which referred to its order within right and left quadrant of the maxillary arch for example; Left central incisor height was denoted by (11 h), and width was denoted by (11 w) whereas Right central incisor width was denoted by (21 w) respectively.Fig 1Mannesman Digital Vernier Caliper.

2.4. Golden proportion measurement {#s0030}
----------------------------------

The golden proportion for each subject; photograph and impression; was assessed by following the definition of Levin in 1978, which states that the ratio between the width of the lateral incisor and that of the central incisor should be 1:1.618 while the optimal ratio between the width of lateral incisor and that of the canine is 1:0.618 when viewed from front.

The measurements were performed as follows; the widths of the teeth were measured at the mesiodistal contact points of teeth, and the height of the teeth was measured from the zenith of the tooth to the incisal edge (see [Fig. 2](#f0010){ref-type="fig"}). Each measurement was made thrice by the same examiner, and the constant values were used for the accuracy and calibration of results.Fig. 2Measuring the Golden Proportion.

All clinical & dimension measurements were undertaken initially by the principal investigator. This examiner was calibrated against two other examiners. The calibration was performed as follows; the principal investigator carried out the clinical evaluation and golden proportion measurements for the first five patients followed by two other examiners who investigated the same sample under similar conditions. The recorded data by both examiners was cross-tabulated for validity, and an agreement of 98% was confirmed. Since there was no doubt about the level of agreement, kappa statistics were not required.

2.5. Data analysis {#s0035}
------------------

Digital analysis of the photographs and impression was performed using Keynote software. It determined the apparent and actual anterior tooth dimensions for the calculation of the GP (Golden proportion) and W/H (width to height) ratios.

3. Results {#s0040}
==========

3.1. Participants demographics {#s0045}
------------------------------

The data for a total of 61 participants included in the study was grouped according to the gender for comparison between 25 males and 36 females. The participants aged between 18 and 28 years with an average of 22.34 years and a standard deviation of (2.55). SPSS version 17.0, IBM 9 was used to analyze the collected data.

3.2. Maxillary anterior teeth measurements {#s0050}
------------------------------------------

### 3.2.1. Width and height calculations {#s0055}

[Table 1](#t0005){ref-type="table"} shows the measurements of participants\' maxillary anterior teeth (width & Height) of central incisors, lateral incisors, and canines for both quadrants (right and left) with standard deviation. Where mean of right central incisor width, for example, is 8.5246 mm compared to 8.5649 mm for the left, with a standard deviation of (0.61). The maximum value of the right central incisor width was 10.41 mm, and the minimum value was 7.44 mm compared to the maximum value of left central incisor width 10.00 mm and a minimum value of 7.06 mm.Table 1Descriptive statistics about measurements of participant\'s teeth.Measurements of toothSymbolNMinimumMaximumMeanStd. DeviationRight central incisor height11 h617.6511.829.72820.91150Right central incisor width11 w617.4410.418.52460.56110Right lateral incisor height12 h614.7110.007.80921.00053Right lateral incisor width12 w615.417.796.65560.50108Right Canine height13 h616.8311.428.87800.97262Right Canine width13 w616.259.847.78610.66395Left central incisor height21 h617.2512.479.66431.01569Left central incisor width21 w617.0610.008.56490.60795Left lateral incisor height22 h615.529.877.90360.87906Left lateral incisor width22 w615.099.606.72280.68177Left Canine height23 h616.7011.528.98150.91830Left Canine width23 w616.538.917.71160.54863

### 3.2.2. Width to height ratio calculations {#s0060}

[Table 2](#t0010){ref-type="table"} shows the width to height ratio for each tooth calculated by dividing the width of the tooth by the height. In order to assess the incidence of golden proportion a one-sample *t*-test was used to compare the width to height ratios of all teeth with the proportion of 80% (0.80). At a significance level of (α = 0.05) for testing the mean ratio of width to height for each tooth whether it equals the golden proportion (0.80) or not.Table 2Mean values (SD) of the width-to-height ratio of maxillary central and lateral incisors and canines and their comparison with the golden proportion (0.80).ToothW/HAll SubjectsFemaleMaleMean (SD)p-valueMean (SD)p-valueMean (SD)p-valueRight central incisor110.88 (0.70)\<0.0010.90 (0.07)\<0.0010.86 (0.07)\<0.001Right lateral incisor120.86 (0.11)\<0.0010.89 (0.11)\<0.001**0.83 (0.09)0.144**Right canine130.88 (0.10)\<0.0010.90 (0.11)\<0.0010.86 (0.10)0.009Left central incisor210.89 (0.09)\<0.0010.90 (0.09)\<0.0010.88 (0.09)\<0.001Left lateral incisor220.86 (0.11)\<0.0010.86 (0.11)0.0010.85 (0.11)0.028Left canine230.87 (0.09)\<0.0010.88 (0.08)\<0.0010.85 (0.08)0.008

Results in [Table 2](#t0010){ref-type="table"} showed that there were significant differences between the samples W/H ratios and the golden proportion of 0.80 where (p-value \< 0.05). Thus, indicating that no golden proportion was observed except in case of tooth 12 in male subjects where mean value was (0.83) with a standard deviation of (0.09) and a p-value of (p = 0.144) \> 0.05. In other words, the mean width to height ratio for the right lateral incisor of male patients involved in research was found close to the golden proportion of 0.80.

### 3.2.3. Width comparison for adjacent teeth {#s0065}

[Tables 3](#t0015){ref-type="table"} and [4](#t0020){ref-type="table"} Calculated width ratios for maxillary lateral to central incisors and lateral incisor to canine were and compared them to the golden proportion of 0.618, 1.618 respectively. As the prevalence of golden proportion requires specified width ratios between lateral incisor to central incisor of (1:1.618), and between lateral incisor to the visible canine from the frontal view (1:0.618).Table 3Width ratios for maxillary lateral to central incisors and their comparison with the golden proportion (1.618).Width ratioRatioAll SubjectsFemaleMaleMean (SD)p-valueMean (SD)p-valueMean (SD)p-valueRight lateral incisor to central incisor12w/11w0.78 (0.53)\<0.0010.78 (0.06)\<0.0010.78 (0.04)\<0.001Left lateral incisor to central incisor22w/21w0.96 (0.11)\<0.0010.96 (0.10)\<0.0010.97 (0.12)\<0.001Table 4Width ratios for maxillary lateral incisor to canine and their comparison with the golden proportion (0.618).Width ratioRatioAll SubjectsFemaleMaleMean (SD)p-valueMean (SD)p-valueMean (SD)p-valueRight lateral incisor to canine12w/13w1.72 (0.14)\<0.0011.73 (0.16)\<0.0011.69 (0.12)0.004Left lateral incisor to canine22w/23w1.75 (0.16)\<0.0011.76 (0.18)\<0.0011.73 (0.13)\<0.001

It is clear from [Table 3](#t0015){ref-type="table"} that width ratios of lateral to central incisor for right quadrant is (0.78) and for left quadrant is (0.96) which was at a significance level of (α = 0.05) for testing the mean ratios of the width with the golden proportion of (0.618). One-sample *t*-test showed significant differences (p \< 0.05) between the mean ratios of widths of maxillary anterior teeth compared with the ideal golden proportion (0.618). These findings indicate that the golden proportion was not found amongst the research participants.

Furthermore, it is clear from [Table 4](#t0020){ref-type="table"} that width ratios of lateral incisor to the canine ratio for the right side is (1.72) and for the left side is (1.75) taking into consideration that half width of canine is considered for calculations. Hence, a one-sample *t*-test showed significant differences (P \< 0.05) comparing the mean widths ratios of lateral incisor to canine with the ideal golden proportion (1.618). This reports for the participants recorded comparative widths, the golden proportion did not exist.

### 3.2.4. Width to height ratio comparison for adjacent teeth {#s0070}

Moreover, for more confirmation, width to height ratios of lateral incisor to central incisor, and canine to lateral incisor were calculated to check whether there are significant differences between the mean values and the golden proportion (0.618) at a significance level (α = 0.05). Results in [Table 5](#t0025){ref-type="table"} showed that significant differences exist between mean W/H ratios of lateral to central incisor and canine to lateral incisor and none of the four mean W/H ratios equals the golden proportion (0.618).Table 5Width to height ratios for maxillary lateral to central incisors and canine to lateral incisor and their comparison with the golden proportion (0.618).Width to Height ratioRatioAll SubjectsFemaleMaleMean (SD)p-valueMean (SD)p-valueMean (SD)p-valueRight lateral incisor to central incisor12/110.98(0.12)\<0.0010.99 (0.13)\<0.0010.96 (0.08)\<0.001Right canine to lateral incisor13/120.52 (0.06)\<0.0010.51 (0.06)\<0.0010.52 (0.06)\<0.001Left lateral incisor to central incisor22/210.96(0.11)\<0.0010.96 (0.10)\<0.0010.97 (0.12)\<0.001Left canine to lateral incisor23/220.51(0.06)\<0.0010.51 (0.06)\<0.0010.50 (0.05)\<0.001

### 3.2.5. Checking the effect of demographical variables {#s0075}

Results in [Table 6](#t0030){ref-type="table"} clarify; Whether demographical variables such as gender can cause significant differences in W/H ratios between participants at a significance level of (α = 0.05), to test these, two independent T-test was done. Before performing the test, two assumptions were checked; data in each group (male, female) is approximately normally distributed using Kolmogorov -- Smirnov test at (α = 0.05), and the results of Levene\'s test for variance homogeneity showed that all p-values are higher than the significance level 0.05 and hence variances of two groups within each variable is homogenous.Table 6Two independent T-test for equality of means of width to height ratios according to gender.VariableLevene\'s Test for Equality of VariancesT-test for Equality of MeansFp-valueTp-valueMean differenceW/H ratio for tooth 110.4740.4941.9950.0510.037W/H ratio for tooth 120.0350.8522.203**0.0320.060**W/H ratio for tooth 130.0190.8911.7800.0800.048W/H ratio for tooth 210.3030.5841.0470.2990.025W/H ratio for tooth 220.3200.5740.4720.6390.013W/H ratio for tooth 230.5490.4621.2590.2130.028

Now, results in [Table 6](#t0030){ref-type="table"} showed that there is a significant difference in mean values of W/H ratio for tooth 12 between males and females with a mean difference of (0.06) and (p = 0.032) \< 0.05. This result is compatible with the result in [Table 2](#t0010){ref-type="table"} which showed that males had a mean width to height ratio for the right lateral incisor close to the golden proportion of 0.80, while females had not.

#### 3.2.5.1. Comparing width to height ratios for anterior right and left quadrants {#s0080}

Comparing right to the left mean of width to height ratios for lateral incisor to central incisor, and canine to lateral incisor as shown in [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}.Fig. 3Comparison between mean scores of Width to height ratio for central incisors.Fig. 4Comparison between mean scores of Width to height ratio for lateral incisors.Fig. 5Comparison between mean scores of width to height ratio for canines.

[Fig. 3](#f0015){ref-type="fig"} compared mean scores of Width to height ratio for central incisors where mean W/H ratio for left central incisor is higher than right one with a difference of (0.01) regardless the gender and age of patients.

Furthermore, [Fig. 4](#f0020){ref-type="fig"} showed both W/H ratio for left lateral incisor and right lateral incisor in sample patients who had approximately the same mean W/H ratio of (0.86) regardless the gender and age variables.

Finally, [Fig. 5](#f0025){ref-type="fig"} showed that the mean W/H ratio for half right canine is more significant than half left canine with a difference of (0.01) regardless of the gender and age variables.

4. Discussion {#s0085}
=============

Now a day dental esthetics is a primary consideration for all patients, to achieve an excellent esthetics number of authors provided guidelines. The most important guidelines for esthetics are the golden proportion value. The optimal width-to-height proportion of maxillary central incisor varies between 66% and 85% ([@b0085], [@b0080]), which indicate that the size and form of the maxillary anterior teeth are essential for both dental and facial esthetics ([@b0030]).

The golden proportion (1.618: 1.0) describes the ratio between the dimensions of a larger and a smaller length. Many previous pieces of research have used this mathematical proportions in dentistry like, [@b0035] identified the golden proportion between the width of central incisor, lateral incisor and the canine ([@b0035]). The golden proportion is founded to be a reliable predictor for determining the width of the maxillary central incisors. ([@b0020]). In 1993, Preston presented that 17% of his study samples had a golden proportion between the width of the maxillary central and lateral incisors ([@b0050]).

On the other hand, other authors found that the golden proportion did not exist between the widths of the maxillary anterior teeth. ([@b0025], [@b0060], [@b0075]).

In this study, relative proportions of central and lateral incisors and canines' dimensions were recorded according to the golden proportion of 1.618 and no relationship was found. So the results of the current study concurred with previous studies, that golden proportion did not exist in the study sample of Saudi population similar to the results of a study carried out by [@b0085], who reported a width-to-length proportion of 82% ([@b0045]).

The mean width to height ratio for the right lateral incisor of male patients involved in research is close to the golden proportion of 0.80. A Significant difference between the mean ratios of widths of maxillary anterior teeth compared with the ideal golden proportion for lateral to central incisor and between lateral incisor to canine was observed. Similarly, significant differences between mean W/H ratios of lateral to central incisor and canine to lateral incisor and the golden proportion existed. Also, a significant difference in the mean values of the W/H ratio for tooth number12 between males and females was seen. These findings were also reported by [@b0045] who showed that considering the width to width ratios and the width to height ratios of maxillary anterior teeth showed no golden proportions were found.

Excluding the gender difference effects amongst the participants, the current study found, the mean width to height ratio for the right lateral incisor of male patients involved in this research closer to the golden proportion of 0.80 similar to the study done by [@b0055]. [@b0085], also showed that there were no differences in the objective measurements between genders ([@b0085])

The variation of views among the current studies and previous studies could be explained due to the lack of the standardization of the protocol used to evaluate the gold proportion. Besides, the differences in racial characteristics might influence such variation ([@b0030]).

In general, this study agrees with other studies estimate that no gold standard exists in nature. The optimal width-to-height ratio of upper central incisors is the dominating aesthetic factor and should be considered in restoring upper maxillary teeth.

Within the limitations of the study, it was observed that the participants' selected in the current study was random and not based on obvious esthetics. Although, the sample size selected for the current study was comparable with previous studies, however, increase in the sample size is recommended to obtain definitive conclusions Accordingly, for future study it is highly recommended considering more specific samples having "The Agreeable Smile" criteria in order to increase the possibility of matching the golden proportion standards and leading the results to be significant. Also, Rosenstiel, Ward & Rashid, recommended using a ratio of 70% instead of 80% ([@b0060]). Many studies reported that to produce a satisfactory appearance instead of concentrating on a single ratio, such as the golden proportion, other ratios reflecting harmony among tooth lengths should be considered. ([@b0040], [@b0060], [@b0065]).

5. Conclusion {#s0090}
=============

In both genders the golden proportion was not found to exist between the perceived widths of maxillary anterior teeth. No gold standard was detected for the width-to-height ratios of maxillary incisors except for male participants where mean width to height ratio for the right lateral incisor was found close to the golden proportion of 0.80. Therefore, in addition to the golden proportion measurement, specific population characteristics and perception of an "agreeable smile" should be considered in future studies in order to evaluate esthetics.
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